Introduction
Amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig ' s disease, is a progressive neuromuscular disease that typically leads to death within three to fi ve years (1). While the etiology of ALS is poorly understood, data from disease registries and epidemiologic studies have provided insight into many of the population based characteristics of the disease. Annual incidence rates worldwide tend to range from 1 -2 per 100,000 person-years and prevalence rates are reported as 4 -6 per 100,000 persons (2 -6). ALS is more prevalent in males than females and typically affects those in the later years of life (7, 8) .
Less is known about how ALS affects people of different racial and ethnic backgrounds. Some studies suggest that ALS rates are higher among non-Hispanic Caucasians (whites) in Western countries compared with those of African, Asian, and
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Racial and ethnic differences among amyotrophic lateral sclerosis cases in the United States
In October 2010, the U.S. government launched its fi rst and only population based countrywide ALS registry (17). This National ALS Registry is allowing researchers to quantify the prevalence of ALS among cases identifi ed within the Registry and describe the demographic characteristics of persons with ALS identifi ed by the Registry. As a separate initiative, surveillance activities were conducted in three states and eight metropolitan areas of the U.S. to help evaluate the completeness of the Registry and to determine how ALS impacts different subpopulations. To examine race and ethnicity, the 11 project areas were selected to over-represent minority populations compared with the racial and ethnic distribution of the U.S. population as a whole.
The primary objective of this paper is to describe the racial and ethnic differences among ALS cases from three states and eight metropolitan areas in the U.S. using the largest combined cohort of clinically reviewed cases to date. Findings from this and other similar studies may provide important insights into the pathogenesis of ALS.
Materials and methods
Project sites and management
Three states (Florida, New Jersey, and Texas) and eight metropolitan areas (Atlanta, Baltimore, Chicago, Detroit, Las Vegas, Los Angeles, Philadelphia, and San Francisco) participated. The state and metropolitan project areas comprise 17.1% and 10.0% of the U.S. population, respectively (18). These 11 areas are 64.4% white, 16.0% AfricanAmerican/black, and 6.7% Asian; 28.3% of the population is Hispanic. Compared with the U.S. population, Asians, African-American/blacks, and Hispanics were over-represented. All state and metropolitan area projects followed a standard, ATSDRapproved protocol. Details regarding site selection, project management, and data collection materials and methods are described elsewhere (19).
Data collection
Neurologists were contacted to determine if they diagnosed and/or provided care for ALS patients residing in each project ' s catchment area and those that did were asked to submit case reports for eligible cases. Eligible cases were under the physician ' s care at any point between 1 January 2009 and 31 December 2011, met one of the El Escorial criteria (20), and had a residential address in one of the project ' s catchment areas at some point in 2009 -2011 .
The study used a brief standard case reporting form (CRF) created specifi cally for this project that included questions about patient demographic characteristics as well as questions about date of symptom onset, date of diagnosis, El Escorial criteria classifi cation, and payer type. Predetermined categories on the reporting form for race were: ' Asian ' , ' African American/black ' , ' White ' , ' Unknown ' , and ' Other ' with an option to specify ' Other ' . Predetermined categories for ethnicity included: ' Hispanic or Latino ' , ' Non-Hispanic or Latino ' , and ' Unknown ' . Forms were completed by the reporting neurologists and/or their designated staff member based on information contained in the medical record. To ensure accuracy of case diagnosis, a symptom-oriented Medical Record Verifi cation Form (MRVF) and electromyogram (EMG) report were requested on a sample of reported cases. The completed MRVFs, along with copies of the redacted EMG reports, if available, were forwarded to the project ' s consulting neurologist for independent assignment of El Escorial criteria classifi cation (20) .
Death certifi cate data were reviewed in each project area to identify possible ALS cases. The death certifi cate data were matched to the reported cases and attempts were made to procure case reports for decedents that were not already reported. Compensation was offered for completed forms. This protocol was approved by the Centers for Disease Control and Prevention ' s Institutional Review Board. No patients were contacted.
Data cleaning, creation of composite records and analysis
Each case report was examined as it was received and case reports for the same person were accepted if reported from different practices. Only one case report for each individual was retained in the fi nal data set. Upon completion of data collection, a composite record was created for cases reported more than one time. The case record with the most complete information was retained and missing information was fi lled in using the duplicate case report and death certifi cate data when available. If there were inconsistencies in duplicate case reports the response was changed to ' Unknown ' . The U.S. Census-defi ned race categories (21) were utilized to categorize cases in which race ' Other ' was reported. For example, a case reported as ' Lebanese ' race was placed into the ' White ' category. At the conclusion of this reassignment process, 18 cases remained as race ' Other ' . Data were analyzed using Microsoft Excel ® (22) and SPSS (23). Incident cases were determined by date of diagnosis on the CRF and are expressed in 100,000 personyears. Race and ethnicity specifi c incidence rates were calculated utilizing race/ethnicity specifi c populations from the 2010 U.S. Census (21). A Poisson distribution was assumed in the calculation of the 95% confi dence intervals (24). Age adjusted rates were standardized to the year 2000 U.S. Standard Population. Time from symptom onset to diagnosis was calculated using incident cases with a known month and year of both symptom onset and diagnosis.
Results
Reported cases and demographic characteristics
Based on the 2010 U.S. Census population and previous estimates of ALS incidence and prevalence (2 -6), a total of 6677 cases were expected and 5883 unique cases were collected within the three states and eight metropolitan areas used in this analysis. Of these cases, 4401 (74.8%) were white, 546 (9.3%) were African-American/black, 214 (3.6%) were Asian, 704 (12.0%) were of unknown race, and 18 (0.3%) were categorized as other race (e.g. American Indian, Caribbean, and multiple races). AfricanAmerican/blacks were more likely to be between 50 and 59 years of age at diagnosis while all other races were more likely to be 60 -69 years of age. Over half (55.3%) of the African-American/black cases were diagnosed before age 60 years with a median age of 58 years. For all races, cases were more likely to be male than female, with the greatest difference between genders in the Asian race (59% male vs. 41% female) and the smallest difference in the African-American/black race (51% male vs. 49% female) (Table I) .
Ethnicity was defi ned as Hispanic (10.8%), non-Hispanic (77.5%), or unknown (11.7%). Among Hispanics, the racial background was reported for 60% (383/634) of the population: 374 (59.0%) were white, four (0.6%) were black, four (0.6%) were other race and one (0.2%) was Asian. Over half of the Hispanic cases had a known country of birth (352/634), with the most common country being the U.S. (123/634). Other countries of birth for Hispanic cases included: Central American countries and Caribbean Islands (105), Mexico (72), South American countries (43), European countries (7) and Asian countries (2). Of the non-Hispanic cases, 3113 cases had a known country of birth with the most common being the United States (2753), India (38), China (28), and Germany (21). Hispanics were most likely to be diagnosed between ages 50 and 69 years with a median age at diagnosis of 58 years, while non-Hispanics were most likely to be diagnosed between ages 60 and 69 years, with a median age of 62 years. For both Hispanic and nonHispanic cases, the number of cases per age group decreased after age 69 years.
Reported El Escorial classifi cation
In total, 4846 (82.4%) cases were reported as ' definite ' , ' probable ' , or ' probable laboratory-supported ' ALS; 754 (12.8%) were reported as ' possible ' ALS; and 283 (4.8%) were reported as ' not classifi able ' according to the El Escorial criteria (17). Asians were the most likely to have a ' possible ' ALS diagnosis (18.2% of Asians vs. 13.6% of AfricanAmerican/black vs. 12.1% of whites). Whites were more likely to be classifi ed as ' defi nite ' or ' probable ' compared with African-American/blacks and Asians Table I (Table IV) .
and less likely to be classifi ed as ' probable laboratory-supported ' or ' possible ' (Table II) .
Incidence
A total of 3819 cases were newly diagnosed during the period 1 January 2009 through 31 December 2011. The overall crude annual incidence rates for 2009, 2010 and 2011 were 1.42 per 100,000 personyears, 1.53 per 100,000 person-years and 1.62 per 100,000 person-years, respectively, and the overall crude average annual incidence rate was 1.52 per 100,000 person-years. The average crude annual incidence rate for whites was 1.79 per 100,000 person-years compared with 0.80 per 100,000 person-years for African-American/blacks and 0.76 per 100,000 person-years for Asians (Figure 1 ). The average crude annual incidence rate for non-Hispanics was 1.65 per 100,000 person-years compared with 0.57 per 100,000 person-years for Hispanics (Figure 1 ). The overall age-adjusted average annual incidence rate was 1.44 per 100,000 person-years. The age-adjusted average incidence rates differed by race (1.48 whites vs. 0.89 for African-American/blacks vs. 0.78 for Asians) and by ethnicity (0.84 for Hispanics vs. 1.36 for non-Hispanics). Age-specifi c incidence rates increased until age 79 years.
Time from symptom onset to diagnosis
Of the 3819 incident cases, there were 269 cases with missing information for month and/or year of symptom onset and/or month of diagnosis, leaving 3550 cases for this analysis. The overall mean duration of time from symptom onset to diagnosis was 16.9 months, with the lowest mean occurring among African-American/blacks (15.6 months) and the highest among Asians (20.4 months). The median time from symptom onset until diagnosis was 11 months for whites, African-American/blacks, and non-Hispanics; while it was 12 months for Asians and Hispanics. Ninety percent of cases were diagnosed within 36 months of symptom onset (Table III) . Similar fi ndings were found for the Asian population, which made up 5% of the U.S. population, but 7% of the project population and less than 4% of our collected cases. Hispanics comprised 16% of the U.S. population, 28% of the project population and 11% of our collected cases. Of those with a known racial background, the Hispanic population consisted predominately of white-Hispanics. We expected to collect case reports by race and ethnicity that were proportionately similar to the U.S. Census data in the respective geographic areas. Contrary to this expectation, the collected cases were still disproportionately white and non-Hispanic, further demonstrating the racial and ethnic differences in disease incidence.
While the overall crude average annual incidence rate for ALS of 1.52 per 100,000 person-years and overall age-adjusted average annual incidence rate of 1.44 per 100,000 person-years are within the 1 -2 per 100,000 person-years range reported in the literature (2 -6), this project may have found overall crude and age-adjusted incidence rates lower than the actual national incidence rates due to the overrepresentation of minority groups in our population. Notably, there is a difference among the racial groups for both crude average incidence rates of ALS (1.79 per 100,000 person-years white; 0.80 per 100,000 person-years African-American/black; 0.76 per 100,000 person-years Asian) and age-adjusted average incidence rates (1.48 per 100,000 person-years white, CI 1.42 -1.53; 0.89 per 100,000 person-years African-American/black, CI 0.79 -0.99; 0.78 per 100,000 person-years Asian, CI 0.64 -0.92 ). There is a statistically signifi cant difference in the ageadjusted average annual incidence rates for whites compared with African-American/blacks and whites compared with Asians.
A difference exists in the crude average incidence rates for non-Hispanics (1.65 per 100,000 personyears) compared with Hispanics (0.57 per 100,000 person-years). A statistically signifi cant difference also exists between non-Hispanics and Hispanics when comparing age-adjusted average incidence rates (1.36 per 100,000 person-years non-Hispanics, CI 1.31 -1.41 vs. 0.84 per 100,000 person-years Hispanics, CI 0.75 -0.92). Similarly to previously published literature (9 -13), whites were found to
Familial ALS
The case reporting form asked neurologists to report if an immediate family member (parent, sibling, child) was diagnosed with ALS. Overall, 244 (4.1%) cases had an immediate family member diagnosed with ALS, while 5023 (85.4%) did not and 616 (10.5%) were unknown. Familial ALS (FALS) was reported more frequently among whites than other races (4.6% of whites, 2% of African-American/ blacks and 2.8% of Asians). Non-Hispanic cases had nearly double the percentage of cases reporting possible FALS than Hispanics (4.4 % vs. 2.7%).
Discussion
This project compiled the largest sample of minorities of any published, clinically reviewed ALS research study to date. We found differences in disease incidence rates by race and ethnicity. The racial distribution of the population in our analysis has a larger percentage of minorities (35.6% non-white) than that of the U.S. population per the 2010 U.S. Census (27.6% non-white). According to the 2010 U.S. Census (18), African-American/blacks make up 13% of the total U.S. population and 16% of the population in the 11 project areas; however, AfricanAmericans/blacks comprised only 9% of our cases. Table IV . Payer type for all reported prevalent ALS cases by race and ethnicity for the period 1 January 2009 through 31 December 2011 in all 11 project areas ( n ϭ 5883).
Race Ethnicity
All Cases ( n ϭ 5883) have the highest incidence rate of ALS compared with other races. African-American/blacks had the second highest incidence rate of ALS followed by Asians; non-Hispanics had a higher incidence rate of ALS than Hispanics. After age adjustments the differences in rates diminished, but there is still a signifi cant white predominance compared with other races. These differences may be due in part to whites traditionally having better access to healthcare and receipt of health services (24,25), thereby increasing their likelihood of being diagnosed versus their nonwhite counterparts. However, given the severity of symptoms as ALS progresses it is unlikely that a case never seeks treatment. Age at diagnosis was slightly lower among African-American/black cases than the other racial groups, where the median age at diagnosis was 58 years (Table I ). Hispanics had a median age at diagnosis four years less than non-Hispanics (58 years vs. 62 years) ( Table I ). There is a male predominance in all races and no major differences in the distribution of male and female cases within races (Table I ).
All cases were assigned an El Escorial classifi cation (19) by the reporting neurologist. While over half of reported white and African-American/black cases were reported as ' defi nite ' ALS, approximately 40% of Asians were reported at that level. A larger percentage of Asian cases were reported as ' possible ' ALS, than in any other racial group.
There are many possible explanations for this fi nding which go beyond the scope of this project. For example, Asians may have sought diagnosis or treatment earlier than the other racial groups, before the disease has had time to progress to ' defi nite ' , ' probable ' , or ' probable laboratory supported ' or Asians do not seek care from a neurologist after the initial diagnosis, perhaps seeking alternative forms of treatment (27 -29) . Finally, this may be a result of the data collection and cleaning methods utilized in this project (e.g. disease symptoms and thus El Escorial classifi cations may have progressed after the initial case report was received or when creating composite records for cases reported more than one time, a lower El Escorial criteria classifi cation may have been retained). Further research examining health care seeking behaviors and disease progression among subpopulations may be warranted to explain the differences in reported El Escorial categories by race.
The median and 90th percentiles were utilized to compare racial differences in the time from symptom onset to diagnosis. The median time from symptom onset to diagnosis is longest (12 months) for Asians and Hispanics. Nearly all cases were diagnosed within three years of symptom onset. This measure may refl ect the length of time until symptoms progress enough to meet the El Escorial criteria warranting an ALS diagnosis by a physician, it may refl ect the patient ' s delay in seeking treatment until symptoms progress, or it may refl ect a recall bias of symptom onset by the patient.
With some caveats, most patients diagnosed with ALS are eligible for Medicare. Over half of the cases (55.9%) utilized Medicare. Rates of Medicare usage were highest among whites (57.6%) and AfricanAmerican/blacks (50.7%). Asians had the smallest percentage of reported Medicare payer types (46.7%), perhaps supporting the hypothesis that Asians with ALS do not seek additional treatment from neurologists after receiving an ALS diagnosis (28, 29) . These cases may be reported from the fi rst neurologist visit, when an initial diagnosis is made, and thus the patient has yet to become eligible for Medicare due to an ALS diagnosis as opposed to age. It is also possible that this group is less likely to have had traditional employment for the required amount of time required for these benefi ts. Further research may provide clarity on the difference in the use of Medicare as a payer type by race.
Payer type is especially important for the National ALS Registry because it relies on federal administrative data sets and a self-registration web portal. Over one-third (37.2%) of all cases in this analysis listed no federal payer (Medicare, Medicaid or VA) and might not be captured in the federal data sets. Asians in particular are more likely to not have a federal payer type (45.8% vs. 36.7% of whites vs. 34.8% of African-American/blacks). Non-Hispanics were more likely to have a federal payer than Hispanics. In total, 6.1% of cases utilized self-pay (2.5% were self-pay only) which could represent uninsured individuals in this population. The self-pay payer type was highest among Asians followed by African-American/blacks and then whites. The cases with no federal payer will need to be captured in the self-registration web portal component of the Registry.
Overall, this analysis is consistent with previous studies (9 -13) by demonstrating that there appear to be racial and ethnic differences in ALS rates in the U.S. Specifi cally, this analysis shows that ALS occurs less frequently in those that are African-American/ black, Asian, and Hispanic compared with whites and non-Hispanics in the U.S. It is unclear if this fi nding is due to methodological issues (e.g. under-ascertainment of minority cases, small sample size) or can be attributed to behavioral factors (e.g. access to adequate health care, diet), socioeconomic status, environmental exposures (e.g. occupational or residential), or genetic factors (e.g. genetic predisposition). However, since this analysis used the largest sample of minorities with ALS to date, the fi nding is likely due to one, or a combination, of the behavioral, environmental, and genetic factors of ALS. Further research is needed to better understand why these differences occur among racial and ethnic populations. . 
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